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Abstract: Lasers have been demonstrated to be potentially effective avian repellents; however, studies combining
adequate controls and replication that test such applications of lasers in wildlife management have not been
reported. We conducted 2choice cage tess to quantify the effectiveness of a 10-mW., continuous-wave, 633-nm
laser as a visual repellent (treating a perch) against brown-headed cowbirds (Malothrus ater) and European starlings
(Sturnus vulgarts), and a 68-mW, continuous-wave, 650-nm laser in dispersing (i.e., targeting birds with the laser)
starlings and rock doves (Columba livia) from perches and Canada geese (Branta canadensis) and mallards (Anas
platyrhynchos) from grass plots. All experiments were conducted under low ambient light (<3 Ix) conditions. In 3
experiments with stationary and moving laser beams treating a randomly selected perch, brown-headed cowbirds
were not repelled. Similarly, 2 moving beam did not repel Furopean starlings from treated perches or cause them
to disperse when targeted. Rock doves exhibited avoidance behavior only during the first 5 min of 6 80-min dis-
persal periods. Notably, 6 groups of geese (4 birds/group) exhibited marked avoidance of the beam during 20-
min periods (n = 23), with a mean 96% of birds dispersed from laser-treated plots. Six groups of mallards (6
birds/group) also were dispersed (x = 57%) from treated plots during 20-min periods (= 12), but habitated 1o
the beam after approximately 20 min. We contend that lasers will prove useful as avian repellents, but further con-
rolled studies are needed to evaluate specicsspecific responses relative to laser power, beam type, wavelength,
light conditions, and captive versus field scenarios.
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As issues of safety, health, and property damage  (Lustick 1973), but has received little attention.
associated with wildlife populations have in- (The term “laser” is an acronym for Light Amplifi-
creased over the last 3 decades (Blokpoel 1976,  cation by Stmulated Emission of Radiation.) Dur-
Conover and Chasko 1985, Dolbeer 1998), man-  ing his research on the avian repellent effects of
agement options have been progressively restricted  lasers, Lustick (1973) relied on concentrated Jaser
toward use of nonlethal methods (Dolbeer 1998, beams (454-514 nm, 2500 mW) that produced radi-
Smith et al. 1999, Blackwell et al. 2000). Unfortu-  ant cnergy exceeding maximal permissible expo-
nately, few nonlethal wechnologies (e.g., auditory,  sure levels for animals and humans (Occupational
chemical, physical, or visual) presently exist, and  Safety & Health Administration [OSHA] 1991,
those available often are limited in effectiveness American National Standards Institite [ANSI]
by circumstance {(Mason and Clark 1992, Clark  1993). However, recent technological advances
1998, Dolbeer 1998). For example, ina review of  have made available lasers that pose litde risk of
issues affecting discovery, formulation, and delivery  eve damage and have heen used to disperse birds.
of chemical bird repellents, Clark (1998) found Specifically, anecdotal observations have been
only 18 nonlethal product labels comprising 5 made of gulls (Laridae) moving away from laser
active ingredients registered by the U.S. Environ-  heams (4 wvpes of lasers, including a Class-IIT B
mental Protection Agency. Thus, a need exists  [sece laser classification belowl, 5--10 mW. He-Ne
for the identification of methodologies that can  laser; Briot 1996). Also, double-crested cormorants
broaden the base of effective avian repellents and  (Phalacrocorax auritus), a species that should be
the circumstances governing their application. highly sensitive w electromagnetic wavelengths

One such methodology, using lasers to alter found in the blue—green aquatic environment
bird behavior, was introduced nearly 30 vears ago (e, little wisible light beyond 575 nm; see Bow-

maker 1987), have been dispersed from night
roosts in response to a Class-1I1 B, 5-mW, He-Ne,
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and a hand-held, Class-I1, bauery-powered, 68-mW,
650-nm, diode laser (Laser Dissuader™; SEA
Technology, Albuquerque, New Mexico, USA;
Glahn et al. 2001).

Although different in several aspects of design,
the lasers noted above are similar in power and
therefore classification. Laser classification is deter-
mined by the amount of radiant power within a 7-
mm aperture at a distance of 20 cm (Code of Fed-
cral Regulations 21, Subchapter J; OSHA 1991).
The Class-II category comprises visible lasers that
emit a radiant power <1 mW (low-power continu-
ous wave; OSHA 1991). The Class-I1I B category of
lasers includes moderate-power lasers (berween 5
and 500 mW, continuous wave) that generally are
not capable of producing hazardous diffuse
reflection except for conditions of intentional star-
ing done at distances close to the diffuser (OSHA
1991). Thus, the relative safety of the laser oper-
ator and anyone exposed to laser radiation can be
inferred from the classification of the device in use.

However, despite reported use of lasers in avian
dispersal and the relative safety of Class-Il and -II1
B devices, the efficacy of laser technology as an
avian dispersal tool has been evaluated in a repli-
cated format only for the dispersal of double-crest-
ed cormorants from night roosts (Glahn et al.
2001). Investigations of laser efficacy involving
multiple species in combination with adequate
controls and replication have not heen conducted.
Qur objective was to quantify avoidance behavior
by birds exposed to an AC-powered, Class-I1I B,
He—Ne laser and the battery-powered, Class-I,
hand-held, Laser Dissuader™ in cage tests.

METHODS
Test Species

We selected brown-headed cowbirds, European
starlings, rock doves, Canada geese, and mallards
as models for our experiments based on statistics
of bird stnkes to aircraft {i.e., groups of birds
most frequently struck) and species availability.
Cleary and Dolbeer (1999} noted that 78% of the
22,935 bird strikes to aireraft reported to the U.S.
Federal Aviation Administration (1990-1998)
comprised gulls and terns (Laridae), raptors,
blackbirds {Icteridae), European starlings, water-
towl (Anatidae), and doves (Columbidae).

We captured adult male brown-headed cow-
birds (hereafter referred to as cowbirds) from
June through August 1999 and European star-
lings (mixed sexes; hercafter referred 1o as star-
lings) during October 1999 in decoy traps in
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northern Ohio, USA. Rock doves (also of mixed
sexes; hereafter referred to as doves) were cap-
tured in walk-in funnel traps during November
1999. We held passcrines in 2.4- X 2.4- X 1.8-m
cages in an outdoor aviary in Erie County (see
structure of aviary in Woronecki et al. 1988).
Doves were held in 2.4- x 2.4- x 1.8-m outdoor
cages fitted with perches, shelters, and wind-
breaks. We fed millet and grit to cowbirds, Mas-
ter Mix Gamebird Food and apples to starlings,
and Brown’s Premium Alimento Paba Palomas
pigeon feed and grit to doves.

We captured Canada geese (hereafter referred
to as geese) of undetermined sex during molt in
northern Ohio on 20 June 1999 and transported
the birds to a 0.4-ha fenced holding area in Erie
County, Ohio, that contained grass and shade
and included about 20 m? of an adjacent 2-ha
pond. We cut the primary feathers from 1 wing
before releasing the geese into the holding area.
To prevent the escape of geese during the exper-
iment, we pulled the primary feathers from 1
wing on 31 August. Whole-kernel corn and poul-
try pellets were provided as food supplements.

We obtained male mallards (z = 36) from Ridg-
way’s Hatchery and Farm, LaRue, Ohio, USA
(where they were held in a 0.4-ha area). On 2
March 2000, we transported them to the 0.4-ha
fenced holding area in Eric County. Mallards
were held in 4 2.4- X 2.4- x 1.8-m cages within the
tenced 0.4-ha area. We cut the primary feathers
from 1 wing before releasing the ducks into the
cages. Whole-kernel corn and duck grower pel-
lets were fed to the mallards; water and food were
provided ad libitum to all birds.

Lasers Evaluated

We selected the AC-powered, Class-ITIT B, High-
performance Uniphase, 10-mW, He-Ne, 633-nm
laser (use of trade names does notimply endorse-
ment by the U.S. Department of Agriculture}
because its power, wavelength, and optics are sim-
ilar to the Desman™ laser (a product marketed
for bird dispersal and tested by Glahn et al. 2001;
see above), and because of its 6-fold difference in
price (US$1,200 vs. US$7,500). We selected the
Class-1E 68-mW, 650-nm Laser Dissuader™ (optical
configuration allows Class-II rating) for testing
because its use i1s approved by the U.S. Air Force
as a physical security device. The safety of the
Laser Dissuader™ is based on the human blink
reflex (0.25 sec), which prevents concentration
of the beam on the retina (Dennis et al. 1999).
Also, the laser is similar in wavelength to the Des-
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man™, and BFB secured use of a Laser Dissuad-
er™ for concurrent testing by Glahn et al. (2001).
Because only 1 laser {of cach configuration) was
available, concurrent tests (within and between
species) were not possible. We assume, however,
that time was not a factor in the behavior of the
birds recorded during our experiments, Further,
the Laser Dissuader™ was not available during
our experiments with cowbirds. In addition, the
repellent effect of lasers used against birds has
been observed only during situations of low
ambicnt light (as perceived by humans}, or high
contrast between the laser beam and ambient con-
ditions {Briot 1996, Glahn et al. 2001). Wc there-
fore conducted all experiments under low-light
(high laser-contrast) conditions so as to maximize
avian perception of the beam and thus behaviors
indicating beam perception (e.g., avoidance).

Experiment 1: Cowbird Response to a
Stationary 0.81-mm Laser Beam

Our objective in this experiment, using cowbirds
as a model, was to determine whether birds would
avoid a perch treated with a 0.81-mm laser beam
(not directed at the birds). In this experiment, we
used the AC-powered Class-1lI B, High-perfor-
mance Uniphase 10anW, He-Ne, 633-nm laser {or
continuous illumination over the length of a ran-
domly selected perch within a sheltered flight cage
(2.4 % 2.4 x 1.8 m) isolated from disturbance. We
positioned 2 perches (0.64-cm diameter X 2.4-m
length) 0.7 m from the closest cage side paralicl
t a perch, 1.0 m apart, and 0.3 m from the top of
the cage. Water and food pans (each 0.25-m diam-
eter) were placed in the center of the cage. We
positioned the laser directly behind the cage side
that was perpendicular to the pre-selected perch,
and shielded it from the birds, with the exception
of an aperture for the beam 1o enter the cage. The
stationary continuous beam, positioned 6-9 cm
above the perch, was 0.81 nm in diameter at the
laser head, .00 mm upon entering the cage, and
4.00 mm on exit. We placed a wooden box paint-
ed {lat black (the catch box) at the end of the
perch opposite to the laser to receive the beam
exiting the cage, thereby preventing reflection of
the beam back to the cage arca. The single con-
tinuous beam was always present unless blocked
by a bird. Because we were testing the eflicacy of
visual repellence of a stationary laser beam, a
blocked beam did not bias the experiment.

We used the amount of feces accumulated under
a perch during the night as an index of perch
choice. We randomly assigned 3 experimentally
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naive cowbirds to each of 10 groups. For each test,
we placed a group into the flight cage ar approxi-
mately 1630 hr to acclimate 1o the cage. Atapprox-
imately 2130 hr, we pre-weighed 2.0- x 0.5-m sheets
of paper and placed them below each perch.
These papers were used to collect teces produced
by the birds resting on the perches. This activity
also served to redistribute birds prior to the start
of the test. Next, we activated the laser 0.5 hr
after sunset. This procedure maximized visibility of
the beam to the birds. Preliminary observations
indicated no response to the laser under davlight
(low laser-contrast) conditions. After activating the
laser, we wirned the laboratory lights off and left
We then
placed the papers in a heated drying room for at
least 30 min, and next reweighed them to obtain
the dry fecal mass. We incorporated the proce-
dures outlined above for the remaining groups
during each of 9 nights of testing (3—18 Jun 1999}.

the birds until 1 hr before sunrise.

Experiment 2: Cowbird Response to a
Stationary 2.00-cm Laser Beam

Our objective for this experiment was to repeat
the procedures used in Experiment 1, again
using cowbirds as a model, and determine
whether the index of perch preference was influ-
enced by the larger beam diameter. Here, we
mounted an Edmund Scientific Gompact Zoom
Beam Expander to the above laser and conduct-
ed tests at the 20x increment (i.e., increasing
beam diameter and decreasing divergence, vield-
ing a highly collimated beam).
continuous beam was 2.00 cm in diameter at the
laser head, upon both cntering and exiting the
cage. We conducted the experiment during 10
nights from 12 July through 3 August 1999,

The stationary

Experiment 3: Cowbird and Starling
Response to a Moving 0.81-mm Laser Beam

Our objective in this experiment was 1o deter-
mine whether cowbirds and starlings would avoid
a perch treated with a 0.81-mm laser beam mov-
ing in a consistent pattern over the perch. For
cowbirds, we repeated the procedures used in
Experiment 1, with the exception of the laser
treatment and sample size (6 groups comprising
5 experimentally naive birds cach), We housed
an clectric motor, fitted with a hexagonal axle
and 6 first-surface mirrors rotating at 10 rpm, in
the catch box {see above) to reflect the main
beamn. We reflected the main laser beam in 0.5-m
sweeps. 1 sweep per sec across, and 1 o 20 cm

above the perch. The spot from the reflecied
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beam was visible on the solid backing that shield-
ed the laser from view. Again, a single, continu-
ous beam was alwavs present unless blocked by a

bird (which subsequently prevented reflection of
the heam). We conducted the cowbird phasc of

Experiment 3 during 6 nighis, 23-31 August 1999,
We also exposed starlings to the moving 633-nm
beam, but during 6 20-min periods per group with
an observer present. As with cowbirds, we held
cach test group in a sheltered flight cage (2.4 x 2.4
x 1.8 m) 1solated from disturbance and minimum
intrusion of outside light. We positioned 2 perch-
es (0.05-m diameter X 1.75-m length) 1.6 m high
on opposite sides of the cage. 0.6 m from the clos-
est parallel side of the cage, and 1.2 m apart. We
positioned the laser 3.6 m from the cage and
placed a 0.25-m diameter pan of water in the cen-
ter of the cage. We observed the experiment from
behind a blind in the same location as the laser.

We randomly assigned experimentally naive
starlings to 3 groups, each comprising 6 birds.
We placed each test group in the cage at least 1
hr prior to testing, but did not control for outside
light (via the laboratory windows) until begin-
ning a test. We conducted tests from 1000 to 1500
hr under controlled light conditions ranging
from 1 to 3 Ix. We measured the ambient light
using an INS DX-100 Digital Lux meter.

To begin a test, an observer approached the
cage to frighten the birds, thereby redistributing
them between the perches, producing an effect
similar to the placement of paper below perches
in the cowbird experiments above. We then acti-
vated the laser beam over a randomly sclected
perch, and moving in the pattern noted above.
At the end of a 20-sec interval (n = 60), we record-
ed use of the rcatment versus control perch (i.e.,
the number of birds on each perch). Birds on
the cage sides or floor were not counted. At the
close of the 20-min period, we allowed a 5-min
interval before beginning the next and identical
20-min period (n=06). We conducted the starling
phase of Experiment 3 between 0830 and 1430 hr
on 6 days, 17-30 November 1999,

We calculated a 95% confidence interval around
the mean usc of the control perch separately and
by species for cach of the 3 experiments.

Experiment 4: Starling and Dove
Response to Laser Harassment

Our objective for this experiment was to simu-
late operational laser dispersal of birds from a
night roost, using starlings and doves as modcls.
We conducted this experiment under the same
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design and lab conditions as in Experiment 3,
with the exception of the laser used and perch
position. We randomly treated sclected perches
by using the hand-held, Class-I1, batterv-powered,
68-mW. 650-nm, diode laser (Laser Dissuader™;
SEA Technology, Albuquerque, New Mexico,
USA), focused to a 7.6-cm spot at 6.7 m. We posi-
tioned the perches with the most distant end from
the observer 1.2 m from the closest parallel side
of the cage, and the end closest 1o an observer
approximately 0.6 m from the side of the cage.
The subsequent angle of the perches to the left
and right of the observer aided counts of the
perching birds. We positioned the observer and a
laser operator behind a blind 6.7 m from the cage.

The treatment procedure involved moving the
laser beam from outside the cage, across and
approximately parallel to a randomly selected
perch, thereby treating | perch, In the same fash-
ion or by directly aiming the beam at the bird, we
re-exposed starlings that did net move ahcad of
the beam (i.c., toward the control side and per-
pendicular to the approaching beam). We deacu-
vated the laser upon successful movement of the 6
starlings to the conwrol side and did not reactivate
the laser until the pre-selected interval for switch-
ing weatment sides (or when birds approached
the weatment perch from the control side). We
directed the beam over a randomly selected perch
for 3 consccutive 20-min periods at 20secc inter-
vals (n = 60 intervals). During the fourth 20-min
period, we alternated the treatment side every 20
scc. Our purpose for the fourth period was to
create a situation under which birds (if respond-
ing) might habituate to the beam. We again cal-
culated a 95% confidence interval around the
mean use of the control perch. We conducted
the starling phase of Experiment 4 between 1000
and 1600 hr on 1, 2, and 8 December 1999,

For doves, we incorporated the same test design
and conditions as in the starling phase (above),
with the exception of sample size (6 groups, cach
comprising 4 birds) and number of replications.
For | 20-min period, we treated a randomly
selected perch at 20-sec intervals (n = 60 inter-
vals). During a second 20-min period, we alter-
nated the treatment side every 20 scc. We con-
ducted the dove phase of Experiment 4 between
1000 to 1430 hr on 5 dayvs. 15-23 December 1999.

Experiment 5: Goose and Mallard
Response to Laser Harassment

Our objective for this experiment was again (o
simulate operational laser dispersal of birds from
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a night roost, but using gcese and mallards as
models. We tested the hand-held 650-nm laser
against & groups of geese (4 birds/group) in sep-
arate 80-min periods (conducted after sunset) on
6 nights from 8 September through 8 October
1999, We placed 4 geese in a 3.6- X 8.5- X 2.4-m
outside test cage at least 1 hr before a test. The
test cage was sided with 0.025-m nylon mesh and
sct upon a uniformly mowed grass surface. We
placed a single 0.5-m diameter pan of water in
the center of the cage and in line with marking
flags on the outside, which divided the cage area
lengthwise into 2 3.6- x 4.2-m plots.

We positioned a recorder and laser operator 33
m from the side of the test cage. We used a dif-
fuse flashlight beam to provide sufficient light to
observe the movement of the geese at night (the
diffuse beam did not preduce an avoidance re-
sponse by the geese). To treat a plot, we followed
the same procedures as in the starling phase of
Experiment 4, with the exception that the laser
beam was focused to a (.15-m spot at 35 m. We
exposed the first group of geese, however, to only
3 20-min periods. In addition, we also conducted
3 daylight tests with 3 groups of geese previously
exposcd to the 80-min nighttime tests. We calcu-
lated a 95% confidence interval around the mean
use of the control plot.

We also tested the hand-held 650-nm Laser
against 6 groups of mallards (6 birds/group),
using the same test design as with the geese
{above), with the exceptions of cage acclimation
time (at least 30 min before a test) and periods of
testing. We conducted 1 20-min period in which
a randomly selected side of the cage was trcated
by the laser at 20-sec intervals (n = 60 intervals),
followed by a second 20-min period in which the
treatment side was alternated every 20 sec. We
conducted tests with mallards on 6 nights, 4-10
March 2000. Again, we calculated a 95% confi-
dence interval around the mean use of the con-
trol plot.

Subsequent to the above experiments, we con-
ducted field trials under operational conditions
(without controls or replication), and observa-
tions from those trials are discussed relative to
findings from the controlled experiments.

RESULTS

In each of the 3 cowbird experiments, birds
were not repelled from perches treated with the
633-nm laser. Mean fecal mass under control and
treaument perches did not differ in each of the 3
experiments (Experiment 1: 95% CI about the ¥
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Fig. 1. Mean total fecal mass per test group collected under
control and treatment perches in each of 3 2-choice experi-
ments with male brown-headed cowbirds in which a random-
ly selected perch inside a 2.4- x 2.4- x 1.8-m cage was treat-
ed by an AC-powered, Class-1I} B, High-performance
Uniphase, 10-mW, He-Ne, 633-nm laser. The 3 experiments
were conducted over 26 nights from 3 June through 31 August
1999 in Erie County, Ohio, USA, and included a 0.81-mm sta-
tionary beam (10 groups, 5 birds/group), 2.00-cm stationary
beam (10 groups, 5 birds/group), and a 0.81-mm beam (6
groups, 5 birds/group) reflected over the perch at 1-sec inter-
vals. Lines above the bars indicate 1 SD (i.e., variance about
the mean total fecal mass per test group}.

fecal mass (g) under the control perch: 0.5 < 1.0
< 1.3; x [SE] fecal mass under the treatment
perch =0.9 [0.7] g; Experiment 2: 0.2 <0.6 <0.9
g; 0.8 {0.6] g; Experiment 3: 02<0.6<09g; 1.1
[0.6] g; Fig. 1). Likewise, the 3 groups of starlings
in Experiment 3 did not avoid the moving 633-
nm beam over 18 20-min periods. Instead, the
starlings may have been attracted to the light
source (95% CI about the x number of birds on
the control perch: 0.8 < 1.3 < 1.8; x [SE] number
of birds on the weaunent perch = 2.3 [0.8]).
Similar to our findings for the 633-nm laser in
Experiment 3, the 3 groups of starlings in Exper-
iment 4 showed no avoidance of the 650-nm
beam over 12 20-min periods (95% CI about the
number birds on the control perch per 20sec
interval; 1.4 < 1.8 <2.2; x [SE] number of birds
on the treatment perch per 20-sec interval = 2.2
{0.4]). Also in Experiment 4, the 6 groups of
doves initially avoided the beam (during the first
5 min), but habituated over the remaining min-
utes of the first period and exhibited no avoid-
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Fig. 2. Mean number of Canada geese observed in control
and treatment plots during each of 4 20-min periods in which
1 side of the 3.6- x 8.5- x 2.4-m cage (i.e., the treatment plot)
was treated with a hand-held, Class-ll, battery-powered, 68-
mW, 650-nm, diode laser (Laser Dissuader™; SEA Technolo-
gy, Albuguerque, New Mexico, USA) at 20-sec intervals. The
test was conducted over 6 nights from 8 September through 8
October 1999 in Erie County, Ohio, USA. Lines above the
bars indicate 1 SE.

ance of the beam during the second 20-min peri-
od {n = 12 20-min periods; ¥ [SE] number of
birds per 20-sec interval: control perch =2 {0.1],
weatment perch =2 [0.1]).

In contrast to the behavior of starlings and doves,
the 6 groups of geese tested in Experiment 5 (4
birds/group) exhibited marked avoidance of the
650-nm laser beam in cach 20-min period {n = 23;
Fig. 2). On average, 96% of geese had moved
from the treatment plot to the control plot at the
end of a 20-sec interval (95% CI about the x
number birds on the control plot per 20-sec inter-
val: 3.6 < 3.8 < 4.0; x [SE] number birds on the
treatment plot per 20-sec interval = 0.2 [0.2]).
Further, though we noted some increase in use of
the treated plot by the end of the fourth 20-min
period for a group (Fig. 2), on average 91% of
geese had moved to the control plot. Also, the 3
groups of geese exposed to a 20-min test period
during daylight hours exhibited behavior indica-
tive that they could discern the heam or beam
spot, but were not repelled (control plot: 19
[0.1] birds; treatment plot: 2.1 [0.1] birds).

In addition, over 2 20-min periods, the 6 groups
of mallards tested in Experiment 5 each exhibit-
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ed avoidance of the 650-nm beam (95% CI about
the ¥ number birds on the control plot per 20-sec
interval: 3.3 < 3.4 < 3.6; x [SE] number birds on
the treatment plot per 20-sec interval = 2.6 [0.2]).
However, in contrast to the geese, the behavior of
the mallards was not consistent over the 2 periods
(Fig. 3); during the second 20-min period, no dif-
ference was observed in use of control and treat-
ed plots (2.8 < 3.1 < 3.3 birds; 2.9 [0.4] birds).

DISCUSSION

In 3 2<choice cxperiments with cowbirds that
were presented with a perch treated by a 633-nm
laser, no difference was observed in perch use.
Similarly, starlings were not repelled from a perch
treated with a 633-nm moving beam, nor were star-
lings dispersed from perches by the beam from
the hand-held 650-nm laser. This lack of effective
repellence of cowbirds and starlings by these long-
wavelength lasers should not, however, be con-
strued as evidence of a general ineffectiveness of
laser technology in repelling or dispersing birds.
The results of our experiments should rather be
viewed relative to the fact that wildlife control
methods are often species- and context-specific.

For example, doves exhibited initial avoidance
of the 650-nm heam but habituated aficr approx-
imately 5 min. In addition, over 6 40-min peri-
ods, mallards exhibited avoidance of the 650-nm
beam used to treat a randomly selected grass
plot. Yet, during the last 20-min test period, the
ducks habituated to the beam. In contrast, geese
exhibited marked avoidance of the 650-nimn beam,
with no indication of habituation. Also, Glahn et
al. (2001) report equal effectiveness of the Des-
man™ and Dissuader™ lasers as dispersal tools
used against double<crested cormorants at night
roosts, but no reaction to the Desman™ laser
during tests with captive cormorants (the Dis-
suader™ Laser was not used on captive birds).

Notably, the Desman™ laser produces only a
30-mm beam diameter at the laser head (relative
to approximately 76 mm for the Dissuader'™),
thus vielding a beam spot possibly too small to
elicit an avoidance response by cormorants over
short distances (c.g., <35 m). However, the con-
text issue of a captive versus field scenario must
be considered (see below). We note also that
starlings and gulls (Larus sp.) were essentially
unresponsive to the high-intensity argon laser
(454-514 nm, >500 mW) used by Lustick (1973),
while mallards were much more sensitive, results
similar to our findings with lower-power, longer-
wavelength lasers.
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W Control plot O Laser plot

Mean no. mallards at close of each 20-sec interval

20-min session

Fig. 3. Mean number of mallards observed in control and treat-
ment plots during each of 2 20-min periods in which 1 side of
the 3.6- x 8.5- x 2.4-m cage (i.e., the treatment plot) was treat-
ed with a hand-held, Class-ll, battery-powered, 68-mW, 650-
nm, diode laser (Laser Dissuader™; SEA Technology, Albu-
querque, New Mexico, USA) at 20-sec intervals, The test was
conducted over 6 nights from 4 through 10 March 2000 in Erie
County, Ohio, USA. Lines above the bars indicate 1 SE.

Lustick (1973) speculated that differences ob-
served in avian species response to laser treat-
ment might be due to maximum sensitivity to dif-
ferent ranges of the light spectrum relative to
behavioral ecology (e.g., diurnal vs. crepuscular
or nocturnal species).
the spectrum used by a bird might vary relative to
specific behaviors, such as mate selection, forag-
ing, or navigation (e.g., some species might ori-
ent by the ultraviolet radiation of the sun; Bow-
maker 1987, Bennett et al. 1994, Hart et al. 1998).
Electrophysiological studies of the avian retina
suggest that birds in general can distinguish col-
ors ranging from the ultraviolet (350 nm) to the
red (750 nm; Bowmaker 1987, see also Bennett et
al. 1994), spanning the visual range of humans
(400-700 nm). Also, birds have a complex system
of cone cells in their retinas that contain eil
droplets in addition to visual pigments. These oil
droplets filter light entering the eye and may

Moreover, the range of
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serve to alter hues that birds perceive and affect
brightness and saturation (Bennett et al. 1994),

In addition, light conditions under which a
bird perceives and responds to a laser also may
vary among species and wavelengths (possibly
negating the need in some situations for high
contrast between beam and ambient light). In
this study, however, geese, and to a lesser extent
mallards, reacted in what might be best described
as a neophobic avoidance response to the ap-
proaching beam or beam spot contrasted against
a dark background. Further, avoidance behavior
might be more pronounced and consistent when
birds are exposed to a laser in a natural setting
where escape is possible (see Glahn et al. 2001).
For example, subsequent to this research, a vari-
etv of species have been dispersed from night
roosts during informal field trials involving the
650-nm laser (Appendix 1).

Although our controlled experiments provided
a choice ol treated versus untreated areas, all
birds were repeatedly exposed to a treatment that
caused no mortality and, given the complexities
of the avian eve (see above), likely little discom-
fort (see also Glahn et al. [2001] relative to find-
ings of no ocular damage to cormorants after
direct exposure to the Class-III B Desman™ Laser
at distances as smalt as 1 m). Thus, our findings
for doves and mallards exposed to the 650-nm
laser while in captivity may not represent behav-
iors of these species in natural settings. However,
these data provide necessary information relative
to potential habituation to the 650nm laser.

MANAGEMENT IMPLICATIONS

We recommend that further controlled studies
are needed to cvaluate species-specific responses
relative to laser power, beam type, wavelength,
light conditions, and captive versus field scenarios.
Also, we suggest that understanding the range of
wavelengths of which a species might he aware is
an important aid in designing future cxperi-
ments. For example, Avery et al. (1999) suggest
that near-ultraviolet wavelengths may serve as
visual deterrents in diurnal bird species such as
the red-winged blackbird (Agelaius phoeniceus).

We note, however, that wavelength sensitivity
does not connote repellence.  Long-wavelength
sensitivity has been demonstrated in the Euro-
pean starling (peak absorption within certain
retinal cone pigments, Kmnx, of 563 nm; Hart et
al. 1998), rock dove (up to 615 nm; Bowmaker
1987), and mallard (A, =570 nm; Jane and Bow-
maker 1988), species exhibiting no heam avoid-
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ance or a limited response during this study.
Although such data are not readily available for
all species, spectral sensitivity may be inferred to
some degree from spectrophotometric work with
congeners, or species of similar ecology (see Ben-
nett et al. 1994, Hart et al. 1998).

Importantly, because of the response of avian
species exposed to the long-wavelength lasers eval-
uated to date (this study and Glahn et al. 2001),
as well as our anecdotal field observations of the
response of Canada geese, wading birds (Ardei-
dae), and American crows ( Corvus brachyrhynchos)
to the 650-nm laser, we contend that laser tech-
nology will prove to be a valuable nonlethal com-
ponent of integrated bird management plans for
airports, agriculture, aquaculture, and other prop-
erty types. Further, although our experiments
did not involve comparisons of diffuse light and
lasers, the potential advantages of laser technolo-
gy over those of diffuse light include greater
directivity and accuracy over distance due o a
lower degree of beam divergence (factors partic-
ularly important in dispersing birds from bodies
of water). Finally, in some instances (e.g., disper-
sal of Canada geese and double-crested cor-
morants), lasers may limit the need for chemical
repellents and explosive dispersal devices (Glahn
et al. 2001).
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Appendix 1. Species dispersed by the beam from a hand-held, Class-ll, battery-powered, 68-mW, 650-nm, diode laser (Laser
Dissuader™; SEA Technology, Albuguergue, New Mexico, USA) during informal (i.e., no controls or replication) field trials in 2000

and 2001.
Species Month Location and context Time of day Approx. no.
American crow (Corvus Feb Ohio: staging area and roost trees Dusk-night 10,000
brachyrhynchos)
Black-bellied whistling duck Apr Louisiana: flooded rice field Dusk—night 200
(Dendrocygna autumnalis)
Blue-winged teal (Anas discors) Apr Louisiana: flooded rice field Dusk—night 20
Canada goose (Branta canadensis) Mar Ohio: 2-ha pond Night 200
Common raven {Corvus corax)? Mar Wyoming: gas refinery Dusk—night 400
Fulvous whistling-duck (Dendrocygna Apr Louisiana: flooded rice field Dusk—night 100
bicolor)
Great blue heron (Ardea herodeas)® Jun Oregon: fish hatchery Dusk—night 30
Mallard (Anas platyrhynchos) Apr Louisiana: flooded rice field Dusk—night 20
White-faced ibis (Plegadis chifi) Apr Louisiana: flooded rice field Dusk—night 6,000
Vultures (Cathartes aura and Jul-Aug Florida: roost trees Dusk-night 150

Coragyps atratus)®¢

a|. Clark {U.S. Department of Agriculture, National Wildlife Research Center, Fort Collins, Colorado), unpublished data.
b Use of a diffuse light against great blue herons foraging in raceways resulted in birds dispersing to trees on the hatchery
grounds where further harassment with diffuse light was ineffective; use of the 650-nm laser resulted in birds leaving the hatch-

ery grounds.

©M. L. Avery (U.S. Department of Agriculture, National Wildlife Research Center, Florida Field Station), unpublished data.
dyultures also dispersed in response to diffuse light, but were easily targeted at distance by use of the 650-nm laser.
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